Metacarpal bone fractures account for roughly 36% of all hand fractures, and a quarter of metacarpal fractures occur in the fifth metacarpal bone. Fourth metacarpal bone fractures are less common, and the majority of these fractures are accompanied by fractures in other metacarpal bones, including the fifth metacarpal [1] .
INTRODUCTION
sverse K-wires, cerclage, and intra-osseous wiring. However, many of these methods have been associated with a range of complications [3] [4] [5] [6] [7] [8] .
Hands play a vital role in people's everyday lives, and it is important to minimize complications and facilitate the healing process following surgery in order to allow the patients to return to their work and daily activities. Complications usually result from intraoperative joint injuries and prolonged immobilization. Many techniques, including the Bouquet method, have been designed to overcome these shortcomings and have proven to be effective. However, these methods cannot be easily applied to the fourth metacarpal bone due to its central anatomical position.
To date, few reports have assessed the results of transverse pinning of fourth metacarpal bone fractures. We sought to analyze the functional outcomes of patients who underwent transverse fixation for a fourth metacarpal bone fracture.
METHODS
This study included patients who underwent transverse fixation for a fourth metacarpal bone fracture between October 2010 and September 2013. A total of 21 patients were selected as subjects, excluding cases of hand fractures that occurred adjacent to the fourth metacarpal bone, cases of soft tissue trauma, open fractures, patients with abnormal hand function prior to the surgery, cases in which pin removal was not performed by our department because the patient was lost to follow-up, and cases where the patient's consent was not obtained in person. The following parameters were used as indications for surgery: malrotation was observed after closed reduction, the angulation was more than 30°, and bony contact was less than 70%. Surgery was performed after the hand swelling was reduced.
Surgery was performed under general or regional axillary block anesthesia by using C-arm assistance. The surgeon was seated at the side of the patient's head so that the dorsal and ulnar borders of the patient's hand were close to the surgeon. Reduction was performed using the Jahss maneuver, in which upward pressure is applied to the proximal phalanx with counterpressure applied along the dorsal aspect of the metacarpal bone. If the C-arm showed fracture reduction, a 0.9-mm K-wire insertion was made in the distal region of the fracture segment, perpendicular to the ulnar border of the fifth metacarpal bone, parallel to the hand dorsum, and through the reduced fourth metacarpal bone. If the C-arm showed the fracture segment to be fixed under reduction, a deeper insertion was made through the third metacarpal bone. If it was confirmed to be fixed under reduction, an additional 0.9-mm wire was inserted in the distal region of the fracture segment from the fifth metacarpal bone to the third metacarpal bone using the same technique. Later, two additional Kwires were inserted from the fifth to third metacarpal bones in the proximal fracture segment while maintaining the reduction of the fracture using the same method. When the resistance created during pin insertion as the bone cortex was penetrated could be felt, the C-arm was frequently checked to see if contact was being made with the cortex. If no resistance was felt during pin insertion, the pin was pulled back to the ulnar border of the fifth metacarpal bone and insertion was performed from the beginning. Lastly, if the C-arm showed fixation without displacement, passive exercises with continuous fluoroscopy were used to screen for scissoring deformity and displacement of the fixated fracture segment. The K-wires were cut and bent above the skin, and attached to the skin (Fig. 1) . After surgery, a protective short arm splint was applied in a protective position. The splint was removed one week postoperatively after the swelling was reduced, and the patients were asked to perform passive exercises, active exercises, and daily activities with only buddy taping on the fourth and fifth digits. However, the patients were instructed to avoid forced active motion or heavy lifting for two months following surgery. The wires were removed when displacement was not seen in X-ray imaging and no pain and tenderness were reported during exercise four weeks after the surgery. Patients with delayed bone union, elderly patients (over 60 years old), and comminuted fracture patients underwent wire removal approximately five weeks postoperatively.
The patients received pin site dressings during their weekly follow-up appointments. On the next day and two, four, six, and ten weeks following the surgery, radiographs were used to check if the fracture segment was maintained, and the patients were asked about their pain using a visual analog scale ranging from one to ten at every follow-up. Two and six weeks after pin removal, the range of motion (ROM) of the injured and uninjured hands was checked with a goniometer. In addition, six weeks following pin removal, the patients were asked to rate their satisfaction with the results of the surgery as poor, fair, good, or excellent, and they were also asked about their subjective recollections of how many days passed after pin removal before they were able to comfortably use their hands. Grip strength was assessed four weeks after pin removal using a dynamometer, and was compared to the opposite, uninjured hand.
RESULTS
Of the 21 patients, 17 were men and four were women. The mean age was 41.5 years (range, 16−73 years). Twelve individuals (57.1%) suffered injury to the right hand, while nine (42.9%) were injured in the left hand. The cause of the injury was striking a person or an object with the fist in eleven patients (52.4%), blunt trauma in seven patients (33.3%), and breaking the hand while slipping in three patients (14.3%). Eight patients (38.1%) showed transverse fractures, while seven patients (33.3%) had spiral fractures and six patients (28.6%) had comminuted fractures. The fractures developed predominantly on the shaft (19 patients, 90.5%) and occurred much less frequently on the neck (two patients, 9.5%). The interval from the injury to the surgery was 6.7 days (range, 2−12 days), and the average length of hospitalization was 1.5 days (range, 1−3 days) after surgery. K-wire removal was performed an average of 32.9 days after surgery (range, 28−35 days) ( Table 1) .
Patients' average pain visual analog scale responses (1−10) were 2.81 (range, 0−4) one day after surgery, 1.61 (range, 0−3) six weeks after surgery, and 0.19 (range, 0−1) ten weeks after (A) After reduction, a K-wire is inserted into the distal segment of the fracture, (B) and one more K-wire is also inserted into the distal fracture segment. (C) After distal segment fixation, (D) two more K-wires are inserted into the proximal segment, bent and cut above the skin. (range, 88°−105°) ten weeks after pin removal, and the total passive range of motion (TPM) was 292.4° (range, 270°−315°). Two elderly patients (aged 62 and 73 years) initially showed slow recovery of joint motion at the time of K-wire removal, but through physical therapy their hands sufficiently recovered and no discomfort precluded them from using the hand ten weeks postoperatively. Grip strength as tested four weeks following surgery was an average of 33.9 kg (range, 22−51 kg), which was 103.0% of the value of the uninjured hand (average, 32.9 kg; range, 19−54 kg). This outcome was likely observed because the injury occurred in the dominant hand in most cases, which generally has a higher grip strength than the uninjured, nondominant hand. At ten weeks postoperatively, the radiographs showed no cases of re-fracture or displacement in the fracture region. Angulation improved from 44.2° (range, 30°−75°) preoperatively to 5.9° (range, 0°−12°) postoperatively ( Table 2 ).
The patients indicated that it took an average of 13.8 days (range, 5−26 days) to no longer feel discomfort during hand usage after pin removal. Ten patients (47.6%) indicated that they were highly satisfied with the entire surgery process, six (23.8%) indicated that they were somewhat satisfied, five (23.8%) indicated that they were somewhat dissatisfied, and none indicated that they were highly dissatisfied.
During the outpatient postoperative follow-up period, no pin migration, bending, fracture, or problems were noted, but minor pin site infections were observed in three patients (14.3%) and successfully treated with oral antibiotics. No occurrences of malrotation, scissoring deformity, or sensory change were observed, but knuckle disappearance was observed in four patients (19.0%). No other major complications were observed ( Table 2) .
Case 1
A 23-year-old male student was injured while hitting a table with his left hand. Fracture and displacement with a 38° angulation of the fourth metacarpal bone were observed on an X-ray. Seven days after the injury, once the swelling had subsided, surgery was performed as described above. After the surgery, no angulation was observed on an X-ray. On the sixth day after surgery, exercise was initiated after removing the splint. The wires were removed 28 days after surgery, and only self-exercise was conducted without additional physical therapy. Ten weeks after surgery, the active and passive ROM of the MPJ in the injured hand were 87° and 101°, respectively, and the TAM and TPM were 248° and 290°, respectively. Using a dynamometer, grip strength was measured as 37 kg on the injured hand, compared to 41 kg on the right, uninjured hand. He did not feel discomfort using the injured hand in everyday life and at work twelve days after the removal of the wires. No complications such as malrotation, knuckle disappearance, fracture displacement, were observed during the follow-up period (Fig. 2) .
Case 2
A 32-year-old male patient, who was a professional car dealer, was injured while engaging in water sports through forceful hyperextension of the left hand. Fracture and displacement with 26° angulation of the fourth metacarpal bone were observed on an X-ray. Fracture of the second and third metacarpal base with carpometacarpal joint dislocation was also observed. Five days after the injury, closed pinning of the second and third carpometacarpal joints was conducted using K-wires first, in order to support the fourth metacarpal bone fracture area. Reduction and fixation were then performed as described above. After surgery, no angulation was observed on an X-ray. Seven days after surgery, rehabilitation was initiated after removing the splint. The wires were removed 29 days after surgery and self-exercise was conducted without additional physical therapy. Ten weeks after surgery, the active and passive ROM of the MPJ were 89° and 104°, respectively, and the TAM and TPM were 251° and 293°, respectively. Using a dynamometer, grip strength was measured as 32 kg on the injured hand, compared to 34 kg on the right, uninjured hand. The patient did not feel discomfort using the injured hand in everyday life and at work eight days after the removal of the wires. No complications, including malrotation, knuckle disappearance, and fracture displacement, were observed during the follow-up period. A minimal pin site infection was successfully treated with oral antibiotics (Fig. 3) .
DISCUSSION
Bone fractures of the hand account for roughly 10% of all fractures in the human body; 46% of bone fractures are phalangeal bone fractures and another 36% are metacarpal bone fractures [1] . Hence, metacarpal fractures are frequently encountered by hand surgeons. In many cases they are treatable through conservative management, but in cases where surgical repair is required, various techniques are utilized. Many factors are involved in choosing the correct treatment technique, including the location of the fracture (intra-or extra-articular), the fracture pattern (transverse, spiral, oblique, or comminuted), the type of the deformity (angular, rotational, or shortening), open or closed, whether it is accompanied by another bone or soft tissue injury, and fracture stability. In addition, the patient's age, occupation, socioeconomic status, underlying disease, the surgeon's preferences, and the patient's preferences may also play a role. Selecting the proper treatment method is essential to obtaining full and rapid restoration of function [9] . Lambotte [2] first reported the surgical treatment of hand fractures in 1928, and various surgical techniques have been reported since, such as screw and plate fixation, external fixation, intramedullary K-wire, transverse K-wire, cerclage, and intra-osseous wiring [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Metacarpal plate and screw fixation was commonly performed in the past [10] . This method has the advantage of enabling surgeons to make an incision to confirm the exact location of the fracture, and of using a plate and screws for rigid fixation. Since this method enables exercises to be performed a short time after surgery, the rapid recovery of hand function can be expected. One drawback to this method is that invasive surgery is required to remove the plate and screws. In order to address this shortcoming, several comparison studies with techniques involving bioabsorbable plates and screws have been published [19] .
The results of intraosseous cerclage wiring on metacarpal bone fractures have also been described [15, 16] . Since this technique requires exposure of the fracture area with an incision, the resultant soft tissue damage is greater and scar formation may occur. Moreover, in some cases, wire removal cannot be performed or results in substantial secondary tissue damage when it is performed. External fixation is used for comminuted fractures or when the anatomic skeletal architecture cannot be maintained, but not in simple metacarpal bone fractures [11, 12] .
Intramedullary nailing has also been reported in antegrade, retrograde, and modified forms [13, 20, 21] . Intramedullary nailing for little finger metacarpal fractures, which is generally antegrade, inevitably causes injury to the MPJ. It has the drawback of causing fibrosis when joint hemorrhage or tissue injury caused during the procedure heals, which can lead to secondary stiffness or delayed hand function recovery. The Bouquet method was designed to address this shortcoming and has been used in cases of fifth metacarpal fractures. This is an effective method that allows for fixation of the fracture without causing joint injury. However, this method is not suited for the fourth metacarpal bone due to its central anatomical position, and MPJ injury in the fourth metacarpal is unavoidable when intramedullary nailing is used. Moreover, when the fracture is located in a distal region, it becomes increasingly difficult to maintain fixation.
Transverse fixation using K-wires was first reported in 1943, and has mainly been utilized for bone neck fixation of the fifth metacarpal [9] . K-wire is a fixation material familiar to hand surgeons, and has the advantage of assisting reduction by being inserted into the fracture segment and controlled like a joystick. However, if the wire is not sufficiently rigid, it may not be able to firmly hold the fracture area, leading to complications such as pin site infection or pin breakage [22] .
Some studies have compared and analyzed intramedullary nailing (the Bouquet method) and the transverse fixation methods for fifth metacarpal bone fractures. Wong et al. [5] compared two groups of patients who underwent transverse fixation or intramedullary K-wiring for fifth metacarpal bone fractures and reported that no differences were found between the two groups. However, Winter et al. [7] reported that intramedullary nailing was superior, but no statistical significance was observed in TAM. MPJ ROM, and grip strength, while a statistically significant improvement was observed in TAM. Sletten et al. [23] stated that no statistically significant functional differences were found between intramedullary and transverse pinning groups; however, the pin site infection rate was higher in the transverse fixation group, and fifth metacarpal bone fractures occurred in three of the 11 patients after pin removal for a fourth metacarpal bone fracture. The authors reasoned that the pin hole in the neighboring metacarpal bone created during the pinning process became a weak point and led to the new fracture. Therefore, the authors concluded that the Bouquet method was preferable. TAM and TPM are parameters of hand function proposed by the American Society for Surgery of the Hand Clinical Assessment Committee in 1967. TAM of the finger is defined as the sum of active motions of the metacarpophalangeal joint and the two interphalangeal joints of the finger, minus any active extension deficit at the same three joints. TPM also can be checked in the same way during passive extension and flexion. These two tests are useful parameters for assessing digital motion. According to these criteria, a total active flexion score higher than 120° is considered excellent, 80°-120° is good, and lower than 80° is considered poor. TAM of the normal hand is also measured, and the function of the hand that underwent operation is rated as excellent when a 100% match is observed with the normal hand, while a match of 75% to 95% is considered good, and a match of below 75% is considered poor [24, 25] . We treated fourth metacarpal bone fractures using transverse fixation. Two pins were inserted on either side of the fracture segment, for a total of four pins. The inserted pins fixed the metacarpals from the third to the fifth metacarpal bones to prevent rotation and angulation that could occur with the pin as the piv-ot, allowing them to remain rigid even during early exercise. In some previous studies that used only one wire per fracture segment, it was reported that angulation occurred in some cases, leading to the suggestion that at least two-wire fixation should be used [14] . Our study used two pins for each fracture segment. Using the intact third and fifth metacarpal bones as pillars, it was deemed that using two pins for each segment would allow greater resistance against bending fracture force and rotation. In fact, no displacement or nonunion occurred when the patients began exercising one week postoperatively. We plan to conduct a cadaveric study to investigate how the number of pins affects the amount of force. No new fractures developed in the neighboring metacarpals in our study. Moreover, only one study on fifth metacarpal fractures has reported newly developed fractures. It is theoretically possible for multiple pin holes from pinning to result in neighboring metacarpal fractures, and such cases have indeed been reported. The chances of this can be reduced by taking care to insert the pin in a different region by adjusting its level in cases where proper fixation does not occur after pin insertion into the metacarpal bone.
Our study has the drawback of being a retrospective study with no control group, as well as having a relatively small sample size. However, considering the scarcity of data on post-surgical functional recovery and patient satisfaction after procedures to treat isolated fourth metacarpal bone fractures, we believe the results of this study to be of value.
